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ABSTRACT: 

PROBLEM TO BE SOLVED: To solve a problem that a high- 
response and high-speed 

characteristic for a servo control could not have been 
fully exhibited under a 

low-torque ripple and a short stroke due without heat 
generation suppressing 

means suitable for a primary side member hitherto. 

SOLUTION: In the primary side member for the linear DC 
motor wherein a coil 

is formed by winding a conductor on a cylindrical winding 
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bobbin penetrating a 

center toke and so movably attached as to travel to a shaft 
direction, the 

winding bobbin of the primary side member is formed such 
that a flat and 

strip-shaped cooling tube having a through hole in a width 
direction through 

which a coolant flows in a length direction is bent 
conforming to the shape of 

the center-yoke mounting, and such that manifolds for 
feeding and ejecting the 

coolant are so mounted at both sides as to position on the 
same side of the 

tube, and also such that the coil, surrounding the 
manifolds, is wound along in 

the length direction of the external periphery of the bent 

and flat tube that 

is used as the winding frame • 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the configuration of the primary flank material which 
has the linear direct-current motor which the exiting coil arranged in the field formed between a center 
yoke and an outer yoke moves along with a center yoke according to the current supplied, especially 
said exiting coil. 
[0002] 

[Description of the Prior Art] Although a migration shaft is set as a saddle, a table, or a ram and drive 
control is recently carried out with a machine tool, use of a linear motor has been increasing. Unlike the 
axial feed gear which controls axial migration using the rotation form motor, ball thread, and nut of a 
conventional type, such an axial feed gear is becoming the thing in which a high response, and high- 
speed migration and control with high acceleration are possible. For this reason, such a controlled 
migration shaft is increasingly adopted from a three-dimensional measuring machine as an axial feed 
gear in the transport device of various machine tools and various industries etc. 
[0003] A comparatively small precision machine tool etc. has the large demand to the servo control of 
the high speed in a comparatively short stroke, and the linear motor of low torque ripple nature in such a 
situation. As a linear motor to a demand of such a property, it has the property which is easy to control 
as an actuator, and it is thought that high degree of accuracy and the linear direct-current motor (LDM) 
of the permanent-magnet type which a high-speed drive can realize easily are suitable, and it is 
considered a thing with the so-called core loess linear direct-current motor suitable in the primary flank 
material which has a winding exiting coil as what replies to an above-mentioned demand also in it which 
does not have an iron core by using a feedback element. 

[0004] As one example of the linear direct-current motor of ****, there is a thing of the exiting coil 
migration mold shown in drawing 1 1 . In drawing a center yoke and 2 1 An outer yoke (in the case of 
illustration bottom yoke), The side yoke which ** arrival is carried out and is combined by a bolt stop 
etc. among both in both ends in order that 3 may form a predetermined magnetic path between the center 
yoke 1 and an outer yoke 2, It is the permanent magnet which installed successively the pieces of a 
magnet which arranged one magnetic pole in the opposite direction in the migration direction to the 
opposed face with the center yoke 1 of an outer yoke 2, and the secondary member of a linear direct- 
current motor is constituted by these, and, as for 4, a motor field is formed in the opposite gap of the 
center yoke 1 and an outer yoke 2. It is the exiting coil around which the coil winding frame with which 
the center yoke 1 is equipped by surrounding York 1 in tubed movable in the migration direction, and 
which is not illustrated is looped, and 5 constitutes the primary flank material of a linear direct-current 
motor, and the direction of migration switches with the polarity of the direct current to which in 
illustration this primary flank material is a migration side, is a thrust according to the magnitude of the 
direct current supplied to an exiting coil 5, and is supplied, and it moves it. In the same migration 
direction, in parallel, between primary flank material and a secondary member, detection feedback is 
carried out and a position signal is controlled by straight-line location detection equipments, such as a 
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linear encoder attached separately. 

[0005] According to the linear direct-current motor of the above configurations, the inertial mass of a 
driven migration part is small, and since an iron core does not exist in primary flank material with an 
exiting coil, in the limitation by which the field by the secondary magnetic circuit is formed in 
homogeneity, it does not generate, consequently each of cogging and torque ripples is a high response 
and high acceleration, and the precision servo control by high-speed migration of them becomes 
possible. 
[0006] 

[Problem(s) to be Solved by the Invention] However, even if it is in this kind of linear direct-current 
motor, if it is made to perform servo control of high speeds, such as positioning, it will not be avoided 
that the exiting coil by the side of primary generates heat. For this reason, when the controlling 
mechanism of a feed shaft becomes arrangement in the condition of having been shut up in a closed 
space or narrow space, exoergic preventive measures, the devised cooling means are needed. As this 
kind of exoergic preventive measures, it constitutes in JP,3-164,058,A, using a pipe-like wire rod as a 
coil of the voice coil linear motor which is one of the linear direct-current motors, and circulating the 
coolant to this pipe coil is indicated. However, acquisition is difficult for the usable pipe-like wire rod 
which has actually problems, such as coil length related to the bore (wire size) and number of turns 
which influence circulation of the coolant, and suits this purpose. 

[0007] Then, in such a linear direct-current motor, maintaining the engine-performance advantage of the 
above linear direct-current motors, this invention is a configuration with the high cooling effectiveness 
over the primary flank material in which continuation use in the heavy load condition is possible, 
especially an exiting coil, and aims at, offering the easy linear direct-current motor of manufacture and 
yet, and offering the primary flank material which has a coil for it. 
[0008] 

[Means for Solving the Problem] In the primary flank material of the linear direct-current motor which 
looped around lead wire the tubed winding frame with which the purpose of above-mentioned this 
invention was ****(ed) to (1) center yoke, and shaft orientations were equipped free [ migration ], and 
constituted the coil It is formed by constituting, as the manifold the object for supply of the coolant 
prepared in both ends while the winding frame of said primary flank material bends the flat cooling pipe 
which carried out band-like [ which has the through-hole to which the coolant circulates ] in accordance 
with said center yoke wearing configuration in the die-length direction, and for discharge is in the same 
side. Said coil is attained by considering as the primary flank material which has the coil of the linear 
direct-current motor around which surrounds said manifold on a periphery and it is looped along the die- 
length direction, and which changes by making said bent flat cooling pipe into a winding frame. 
[0009] Moreover, the center yoke and outer yoke which the purpose of above-mentioned this invention 
countered (2) **, has been arranged, and attached the permanent magnet for field formation in both or 
one side of an opposed face, And the secondary member which consists of the side yoke which 
combines both so that a magnetic circuit may be formed in an edge, In the linear direct-current motor 
which consists of primary flank material which loops around an exiting coil the winding frame which 
enabled **** wearing of the migration to said opposite direction and right-angled shaft orientations to 
said center yoke, and grows into it It is formed by constituting, as the manifold the object for supply of 
the coolant prepared in both ends while the winding frame of said primary flank material bends the flat 
cooling pipe which carried out band-like [ which has the through-hole to which the coolant circulates ] 
in accordance with said center yoke wearing configuration in the die-length direction, and for discharge 
is in the same side. Said exiting coil is attained by considering as the linear direct-current motor around 
which surrounds said manifold on a periphery and it is looped along the die-length direction and which 
changes by making said bent flat cooling pipe into a winding frame. 

[0010] Moreover, the outer yoke which the purpose of above-mentioned this invention counters the 
symmetry on both sides of (3) center yoke and this at both sides, and is arranged, The side yoke which 
combines both so that a magnetic circuit may be formed in an edge, The secondary member which 
consists of the permanent magnet for field formation attached in both or one side of each opposed face 
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of said center yoke and outer yoke, In the linear direct-current motor which consists of primary flank 
material which loops around an exiting coil the winding frame which enabled **** wearing of the 
migration to said opposite direction and right-angled shaft orientations to said center yoke, and grows 
into it While the winding frame of said primary flank material bends the flat cooling pipe which carried 
out band-like [ which has the through-hole to which the coolant circulates ] in accordance with said pin 
center,large yoke wearing configuration in the die-length direction It is formed by constituting, as the 
manifold the object for supply of the coolant prepared in both ends and for discharge is in the same side. 
Said exiting coil is attained by considering as the linear direct-current motor around which surrounds 
said manifold on a periphery and it is looped along the die-length direction and which changes by 
making said bent flat cooling pipe into a winding frame. 

[001 1] moreover, the purpose of above-mentioned this invention — (4) — the winding frame of said 
primary flank material The side plate for protection which has pin center,large yoke **** opening is 
formed in the both sides of the cross direction of the winding frame which the manifold of farther the for 
said object for supply and for discharge makes it one, and is constituted, and consists of a flat cooling 
pipe. And the primary flank material concerned is further attained by making the whole into the linear 
direct-current motor or its primary flank material of a publication the above (1) which carries out mold 
to one with thermosetting synthetic resin, and changes, (2), or (3). 

[0012] moreover, the purpose of above-mentioned this invention - (5) - it is attained when the through- 
hole to which the coolant circulates in the die-length direction of said flat cooling pipe considers as the 
linear direct-current motor or its primary flank material of a publication the above (1) which is formed 
as two or more almost parallel through-holes, and changes in many trains crosswise, (2), (3), or (4). 
[0013] moreover, the purpose of above-mentioned this invention - (6) - it is attained by considering as 
the linear direct-current motor or its primary flank material of a publication the above (1) with which 
said flat cooling pipe consists of aluminium alloy material, (2), (3), (4), or (5). 
[0014] 

[Embodiment of the Invention] the linear direct-current motor of one example shown by drawing 1 
thru/or drawing 5 explaining this invention The secondary member 20 by the side of the permanent 
magnet which forms the magnetic circuit for field formation of the linear direct-current motor shown 
with the top view of drawing 1 and the side elevation of drawing 2 is the thing of a configuration better 
known than before, the top view of drawing 3 , and a part of drawing 4 ~ the primary flank material 1 0 
with the exiting coil of the linear direct-current motor shown with a side elevation including a cross 
section and the arrowed cross-section Fig. of drawing 5 which meets the A-A line of said drawing 4 
serves as an explanatory view of the example configuration of this invention. 

[001 5] The secondary member 20 which forms the magnetic circuit shown by drawing 1 and drawing 2 
As opposed to the secondary member of drawing 1 1 shown as one of the above-mentioned conventional 
examples having been the configuration of a single-sided outer yoke Up and down on both sides of the 
center yoke 1, vertical outer yoke 2A and 2B counter the symmetry, and are arranged. Both both ends 
change unitedly so that a magnetic circuit may be formed with the side yoke 3, of course. The permanent 
magnets 4A or 4B for forming a field among those openings are formed in the opposed face with outer 
yoke 2 A of the center yoke 1 , opposite both sides with 2B and said outer yoke 2A, and the center yoke 1 
of2B. 

[0016] In the case of the secondary member 20 of illustration, permanent magnets 4 A and 4B are 
illustrated as a thing of a intentionally different gestalt, but Like permanent magnet 4A which a linear 
motor opposes a unlike pole to each opposed face of the center yoke 1 which will counter upper outer 
yoke 2A and this if there is an especially short stroke, and has been pasted up, although it is 
comparatively thin, and the permanent magnet material formed in the long picture can be used, 
magnetizing it in the direction of board thickness If it is the usual stroke, the field of a request magnetic 
field can be made to form also by carrying out adhesion arrangement so that the like pole of the piece of 
a magnet which adjoins each other in the piece of a magnet of proper magnitude may be suitable in the 
same direction like bottom outer yoke 2B and permanent magnet 4B of each opposed face of the center 
yoke 1. 
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[0017] And since such a generating thrust (F) of a linear direct-current motor is proportional to the 
effective length (L) of the coil placed into the flux density (B) of a field, the coil current (I), and the 
field, and a product with the number of turns (n) of a coil, various magnetic circuits are used according 
to the class of permanent magnet to be used, a property, the purpose of use as a motor, etc. for example, 
the thing for which it replaces with the thing of the outer yoke symmetry form shown in above- 
mentioned drawing 2 as said secondary member 20 in this invention explained below, and the thing of 
the single-sided outer yoke form of drawing 1 1 can be used — it is natural. 

[0018] It is the flat cooling pipe of the usual aluminium alloy material which 7 made through-hole 7a to 
which the coolant circulates in the die-length direction in drawing 3 thru/or the primary flank material 
10 of drawing 5 the whole which it has almost in parallel in many trains crosswise, and carried out band- 
like mostly. It has more than coil ****** as primary flank material 10 which winds an exiting coil 5 
preferably as said width of face, along with York 1 periphery, it is turned up so that the center yoke 1 
may **** and it may equip, and the cross section of a dip H and Breadth B is formed in tubed 
[ rectangular ]. And in the illustration example in which the both ends of the flat cooling pipe 7 are in 
this one primary flank material 10 side, and feed hopper 9A and exhaust port 9B of the coolant were 
formed, it is one. It is connected by carrying out low attachment etc. to one object for supply, and the 
manifold 9 for discharge, and the above-mentioned flat cooling pipe 7 has composition which served as 
the winding frame of the cooling means of an exiting coil 5 10, i.e., primary flank material, and a coil 
means. 

[0019] In the case of this illustration example, through-hole 7a to which the coolant circulates as what is 
****(ed) as mentioned above with the gestalt of the best operation as the above-mentioned flat cooling 
pipe 7 is many trains crosswise, and has illustrated the thing in the case of being formed as two or more 
separated mutual almost parallel through-holes, but As long as said through-hole 7a is in the situation 
that the coolant may flow to homogeneity mostly on the whole, it may be a single flat-like through-hole, 
for example. When this through-hole of the shape of flat is single, and bending a flat cooling pipe, it will 
be necessary to carry out padding, such as sand, but so that tubing may not be crushed, and a case is 
[ that that need does not exist and cooling power also tends / mostly / to maintain ** etc. crosswise ] 
desirable although it has through-hole 7a in many trains crosswise. In addition, although this invention is 
aimed at the primary flank material which has a linear direct-current motor and its coil When the direct- 
current value turned on and off is large or the turning on and off is further repeated on a high frequency 
to an exiting coil 5 It is also a certain thing to constitute each manifold of an outlet side separately the 
supply side of the coolant in prevention of energization generation of heat of the flat cooling pipe 7, and 
to consider as the arrangement configuration which carried out the isolation insulation mutually as well 
as increasing the cooling engine performance of the flat cooling pipe 7. 

[0020] And said exiting coil 5 is in the condition of having made the proper insulating material infixing 
in the periphery of the flat cooling pipe 7 formed in tubed [ of a chip box ********** rectangle ], 
surrounds the column or the letter manifold 9 of a block of a cross-section boiled-fish-paste form in one 
edge, and rolls and puts it on a request while it meets in the die-length direction of the flat cooling pipe 7 
like illustration. And in illustration, the lead wire of exiting coil 5 both ends is drawn by a side and the 
opposite side with the manifold 9 of said cooling pipe 7. And the side plates 1 1 and 12 for the protection 
of the product made from aluminium alloy material usually which has the **** openings 1 1 A and 12A 
of the center yoke 1 are formed in the both sides of the cross direction of the flat cooling pipe 7, and, as 
for the primary flank material 10 which has the flat cooling pipe 7 further made into the shape of the 
above-mentioned exiting coil 5 and a winding frame, the drawer hole 16 with which the lead wire of the 
coil 5 above-mentioned both ends is pulled out by the edge field besides the winding frame of one side 
plate 1 1 is formed in them. In addition, hatching is performed to the clearance part of every place of the 
primary above-mentioned flank material 10, and fillers, such as thermosetting resin which carries out the 
mold of the whole and is unified so that it may mention later, have attached the sign 13. In addition, as a 
lead wire of the above-mentioned exiting coil, the enameled wire which was usually able to be burned in 
resin on the surface of copper wire is used again. 

[0021] Next, it explains to the primary above-mentioned flank material 10 and a pan per manufacture 
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approach of a linear direct-current motor, carrying out addition reference of drawing 6 further. Mold 
doubling is carried out to the mold formed according to center yoke 1 insertion opening, and the flat 
cooling pipe 7 first cut by predetermined die length bends especially a dip H dimension to a request at a 
precision, and is fabricated. And positioning low attachment connection of the both ends of said 
fabricated cooling pipe 7 is carried out at the column-like manifold 9 by the shape of cross-section 
boiled fish paste for which feed hopper 9A and exhaust port 9B of the coolant were vacated beforehand. 
[0022] A total of three of two lead wire of the count volume pile of predetermined and an edge and one 
protective earth conductor are pulled out predetermined length to the opposite side of a manifold 9, 
making an exiting coil 5 infix the insulating paper etc. in the surroundings of a manifold 9 and a cooling 
pipe 7. 

[0023] Next, in attaching the side plates 1 1 and 12 for protection in the both-sides section of a primary 
side coil object which wound the exiting coil 5 around the coil winding frame which consists of the flat 
cooling pipe 7 and a manifold 9, the core 14 which removes later is inserted in the condition that saw to 
insertion opening to the pin center,large yoke 1 of a coil object by a diagram, and the upper part 
projected from the predetermined coil object, and a relative-position arrangement is carried out and it 
fixes. In illustration, as the upper limit (one flank) of the above-mentioned manifold 9 fits into opening 
12A of a side plate 12 also in the upper part of a core 14 as the projection from a coil object and this 
lobe fit into hole 12B of one side plate 12 and, it positions so that each opening holes 12A and 12B of a 
side plate 12 may be closed. Furthermore, the lower limit section of feed hopper 9 A, the manifold 9 of 
the illustration bottom with exhaust port 9B, and said core 14 is attached in each opening and Holes 1 1A 
and 1 IB which were formed in the lower side plate 1 1 as shown in drawin g 3 , and it is carrying out 
positioning and the lock out for mold. In this way, a coil object is together put with side plates 1 1 and 12 
and a core 14. And the lead wire prepared in the edge of one side plate 1 1 is pulled out. 
[0024] The outer frame 15 for resin mold which is the rectangle frame of the inside dimension method 
which is in agreement with a side plate 1 1 or the outer-diameter dimension of 12 is made to carry out 
insertion attachment of the above assembly object, and from the side face of said outer frame 15, bolt 
15B is thrust and it carries out [ tacking ] of the both-sides plates 1 1 and 12. 

[0025] Subsequently, thermosetting resin, for example, the epoxy resin which is excellent also in heat- 
conducting characteristic, is poured in, where injected hole 15A formed in the proper location of an 
outer frame 15 is made into an up location, it spreads without a clearance between a coil object and a 
clearance, and it is filled up, and heat curing of the resin is carried out. Subsequently, primary flank 
material will be done by removing a core 14 and an outer frame 15. 

[0026] Moreover, when the assembly as a motor assembly carries out **** wearing of the primary flank 
material 10, attaches the side yoke 3 in the center yoke 1 and attaches outer yoke 2 A and 2B in the 
center yoke 1 of the secondary member 20 further, a linear direct-current motor is obtained. 
[0027] In case it carries in actual equipment, the primary flank material 10 of a coil object receives the 
fixed side secondary member 20 of a permanent magnet. In addition, when movable Although feeding- 
and-discarding piping of the coolant to the cable which supplies electric power to an exiting coil 5, and 
the flat cooling pipe 7 through a manifold 9 will be connected between a movable object and a fixed side 
member, it can attain the purpose easily by the well-known technique held by supporter material with 
****** M oreover3 in an above-mentioned case, although the aluminium alloy material of paramagnetic 
material which hardly affects magnetic flux like the flat cooling pipe 7 is used since it is located all over 
the magnetic field along which magnetic flux passes, the copper alloy of the diamagnetic material which 
hardly affects magnetic flux for both or one side of a cooling pipe 7 and a manifold 9 for very small 
negative magnetic susceptibility etc. can also be used for a manifold 9. 

[0028] Drawing 7 thru/or drawing 10 are one example at the time of incorporating and constituting the 
linear direct-current motor like the above-mentioned between fixed side members, such as beds, such as 
a machine tool and a measuring device, and a saddle, and migration flank material, such as a saddle and 
a table, and the arrowed cross-section Fig. where drawing 7 meets the top view of an important section, 
and drawing 8 meets the B-B line of drawing 7 , drawing 9 , and drawing 10 are each arrowed cross- 
section Fig. and view side elevations in alignment with the C-C line and D-D line of drawing 8 . In 
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addition, a table etc. was not equipped with bearing etc. but the gestalt of this inclusion has illustrated 
the independence assembly **** configuration by the circumference of a linear direct-current motor, 
when especially mobiles, such as a table, are small. Therefore, this structure is unnecessary if the table 
etc. is supported to revolve. 

[0029] In drawing, the above-mentioned secondary member 20 is attached in the fixed side members 1 8, 
such as a bed, through the base plate 17 which makes attachment and detachment easy, and the primary 
flank material 10 of another side is connected with the migration flank material 21, such as a saddle, 
through the connection member 19 which prevents interference with the secondary member 20. The 
supporting guide of said connection member 19 is carried out to the direct-acting bearing 22 of the pair 
which consists of bearing 22B of the ball which fit- in guidance is carried out and moves to linear rail 
22 A and this rail which were attached by fixing on the fixed side member 18, or roller internal organs 
through a bracket 23. It is linear location detection equipment which consists of linear encoder 24 A 
attached in said bracket 23, and linear scale 24B attached in the fixed side attaching member, and 24 
feeds back a detection position signal to an NC unit, and an NC unit controls the current of the primary 
side exiting coil of a linear motor according to deflection with a location command, and it controls 
migration in a predetermined location, and since the primary flank material 10 which covering is deep, 
and the thing of this configuration is boiled, is equipped in the equipment actually attached, and has an 
exiting coil 5 had been arranged at the slit part in the closed space which extended far back, if it had no 
sufficient cooling means, it was not able to be used on exoergic conditions. 

[0030] in addition, to JP,9- 154,272, A As cooling structure of a linear motor, between ******** by the 
side of a needle, and the coil wound around this ******** it constitutes so that the heat which the 
bobbin which consists of nonmagnetic alloys, such as aluminum with the heat conductivity higher than 
this ******** 5 W as made to intervene, and was transmitted to the bobbin from the coil may be missed ' 
outside through the coolant which flows piping for cooling in a cooling member, And although 
constituting the above-mentioned bobbin section heavy-gage, and forming a cooling liquid flow channel 
in the interior further is also indicated This is a configuration applicable to the linear motor of form with 
two or more ******** located in a line in the migration direction of a needle, and is not indicating the 
configuration of the primary flank material which has the coil of the linear direct-current motor of 
above-mentioned this invention etc. 
[0031] 

[Effect of the Invention] As explained in full detail above, according to the primary flank material which 
has the coil of the linear direct-current motor of this invention, or a linear direct-current motor Since it is 
the configuration which loops around an exiting coil on the cooling pipe which formed the flat cooling 
pipe with predetermined width of face in the tubed predetermined coil winding frame configuration In a 
large field, a coil contacts a cooling pipe directly and is cooled, cooling effectiveness is high and the 
primary flank material which has the linear direct-current motor of the possible high performance of 
continuous duty or its coil with a heavy load can be obtained. And especially the configuration of the 
primary flank material which has this coil is pertinent to cooling, manufacture is also easy, and it is 
suitable for obtaining the linear direct-current motor a short stroke and for the high-speed servo controls 
in a low ripple. 



[Translation done.] 
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